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Apparatus for Filtering Saturated
Liquids at a Constant
Temperature
l

By Paul Weber and H. L. Dunlap
MISSOURI SCHOOL OF MINIlS AND MIl'tALLURGY, ROLLA, Mo.

ITa ISsaturated
often necessary to filter
solution at a
constant temperature when
finely di:vided crystals of the
solute will either dissolve or further crystallize out if the temperature changes. This is especially true when the solvent
is highly volatile or either of
the substances is hydroscopic.
The accompanying diagram
shows a simple apparatus used
in determiningthe solubilities of
solid paraffins in the hydrocarbons of lower molecular weight.
It consists of a ground-glass
stoppered wash bottle to which
a condenser is sealed and a
Soxhlet thimble placed over
the end of the outlet tube in
the flask. In order to secure
a saturated filtered solution,
dry air or other suitable gases
can be applied at the capped
outlet to force the solution out
of the Soxhlet thimble into the
flask several times before pressure is applied at the top of
the condenser for obtaining
the sample.
Solubilities at higher temperatures can be obtained without disturbing the contents of
the flask by simply raising the
thermostat- temperature to the
desired point and taking the
sample as above.
I
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A

A-Ground-glass stoppered wash
bottle
B--Soxhlet extraction thimble
C-Outlet cap
D-Condenser

THE SOLUBILITY 01' SOLID PAH.f\FJ?IH n·;
THE LOWEH l,10L.ECUJ.JAR VrEIGE~r HTiJHOCARBOHS

IIJT.HODDe 7 I on

In the process of oil refining, a certain
fractio!; of distillate from the crucle oil com90ses the
so-called vrax distillate fraction from vrl1ich is obtail1ed

the various lUl)ricating oils.

But tbe "9resence of the

waxes and solid :paraffins in tbese oils is very undesirable as they possess no lubricating qualities.
Consequently, they must be removed from this wax distillate before the oil can be marketed.
These undesirable components which are the
solid paraffin hydrocarbons containing perhaps 30 or
more carbon atoms, are present in solution in the wax
distillate.

The removal or separation of these par-

affins is accomplished by a rather simple process. The
wax distillate after 'crac};:ing' is mixed with low boiling gasoline, the mixture heated to a

ten~erature

below

the boiling point of the gasoline, and is then cooled
to a temperature near

oOe.

Upon cooling or 'chilling',

as this process is called commercially, the solid hydrocarbons separate or crystallize out from the solution
of oil and gasoline.

Low boiling gasoline is composed

of a mixture of lower molecular weight liquid hydro-1-

carbons consisting of the pentanes, hexanes, he"!)tanes,
octanes, etc.
The principle of this process of crystallization or separation, the addition of gasoline, heating
and then cooling the mixture, gave rise to this investigation of the solubility of solid paraffin in the
liquid hydrocarbons,at various low

tem~peratures.

The investigation described in this paper
consisted of determinilig the solubili ty of

e~

affin hydrocarbon i1"l the following solvents:

solid parnormal

:gentane, normal hexane, normal heptane, nor:raal octane
and isodecane, (2,7-dimetbyloctane).

J

The temperatures

at which these solubilities were determined are 0°, 5°,
100, 15°, 20°, and 25°0.
The work was undertaken with the idea in mind
of finding any peculiar relationships or phenomenon that
might exist between the solute and solvents used, and
for obtaining information which would possibly explain
some peculiar phenomenon met in chilling paraffin out
of lubricating oils.
PREVIOUS WORK

Very little data is available in the literature
on the solubilities of solid paraffin in lower molecular
l
weight liquid hydrocarbons- Sakhanov and Vassiliev , did
lNeftjanoe slancevoe Chozjajstvo 6, 820-37 (1924)
-2-

some work of tbis nature.

They determined the solubil-

ity of solid paraffins and the solidifying
of materials containing them.

ten~eratures

The solvents used were

liquid paraffins, benzene, machine oil, alcohol and
acetic acid.

They found that the solubilities increased

rather rapidly with increase in temperature.

It was also

noted by them that for any particular solvent, the solubili ty is greater the 10v1er the melting point of the
paraffin, and for any particular paraffin, tbe solubility
decreases with increasing density of the solvent.
Sachanen l , determined the solubili t:y of paraffin in the following solvents;
kerosene, solar oil,

~araffin

alcohol, and acetic acid.

various gasolines,

oil, fuel oil, benzene,

lIe noted a marked increase

in solubility with rise in tempel"ature, in all cases. At
their melting points, the paraffins dissolved in all
proportions in the oil solvents, benzene, and alcohol.
Sachanen also observed that the solubility of a paraffin
increases with a decrease of melting point and with a
decrease of specific gravity.
PREPARATION A1ID 1?UE?IJ?ICATICJY OF

THE SOLID Al{D

LI~UID

Solid Paraffin Hydrocarbon

HYDROCARBONS

The solid hydrocarbon was

obtained from a fairly pure paraffin, by a careful reIpetroleum Z. 21, 7:55-40 (1925).
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crystallization from benzene.

l'he last traces of the

benzene were removed by distillation under reduced
pressure.

A fine stream of air was permitted to pass

through the solution \vhile the distillation was in
progress to produce agitation, thereby assuring a complete removal of the last traces of benzene.
ing point of the solid

~araffin,

The melt-

after a number of de-

terminations, was observed to be 56°C.

The correspond-

ing density was 0.775 56 / 4 •
Solvent or Liguid Hydrocarbons

As was stated above,

the solvents used were pentane, :.:hexane, beptane, octane,
and isodecane.

The boiling point range of each solvent

was less than 0.3 degree, the values checking those
tabula.ted in Vol. 1, International Critical Tables. The
densities of the solvent hydrocarbons checked, to within
0.002, those values tabulated in Vol. 1, I.C.T.
With slight modifications, methods used by
Eastman Kodak Conpany were used in preparation of the
various compounds,

u~

to and including the solvents,

used in this work.
Normal ,Pentan~. n-Pentane, B.P. 36.2 0 C., d.
0.631 20 / 4 , was obtained by fractionating five times,-low boiling or casing head gaso1ine--that used in manufacturing gas in small plants.
-4-

Between the fourth and

fifth

fractionat~on,

the pentane, with a 0.5 degree

boiling point range, was washed with sulfuric acid until
free from color.

It was then washed with a dilute 501-

ution of sodium carbonate and water, and finally refluxed over metallic sodium, from which it was distilled.

The final product, 180 grams, had a boiling

point range from 36.1° to 36.3 0 C.

The corresponding

density was 0.630 20 / 4 .
Normal Hexane.

n-Hexane, B.P. 69.0 0 C., d.

00/4 , was prepared synthetically.

O.660~

Normal propyl

alcohol was taken as the starting point for this preparation.

It was converted to n-propyl bromide by the

action of hydrobromic acid and the combined action of
sodium bromide and sulfuric acid.

The normal propyl

bromide was then treated with emulsified metallic sodium
(Wurtz reaction), to form normal hexane.

The hexane

after being separated from the rest of the solution in
the reaction flask, was treated with sulfuric acid until
free from color, then washed with a dilute solution of
sodium carbonate and water.

The last traces of water

and propyl bromide were removed by refluxing several
days over metallic sodium.

The final product, 260 grams,

was obtained by fractionation from the

sodit~.

It had

a boiling point range of 0.3 degree (68.90 to 69.2 0 C),
witb a corresponding density 0.661
-5-

20 4
/ •

Normal Heptane.

200 grams n-heptane was

secured from Eastman Kodal<: Company'.
~o

This solvent needed

further treatment, other than one fractionation. The

heptane as obtained from Eastman had a boiling point
range of 0.5 degree and with one fractionation a product
was obtained which had a boiling point range of 0.2 degree
0
(98.2 to 98.4 0 C), with a corresponding density' 0.684 20 / 4 •
The I. C. T. value for tbe boiling point of n-heptane
is 98.4 0 C., and the density 0.684 20 / 4 • The final product
consisted of 150 grams.
Normal Octane.

n-Octane, B.P. l24.6 0 C., d.

0.707 15/ 4 , was prepared by a method quite similar to that
used for hexane.

Instead of starting with n-propyl alco-

hal, n-butyl alcohol was taken as the starting point. It
was converted to n-butyl bromide, by the acti on of hydrobromic acid, sodium bromide, and sulfuric acid.

The

butyl bromide, which was carefully fractionated to assure
the absence of an iso-butyl bromide, was treated with
emulsified metallic sodium to form normal octane.

It

was treated and washed as above, the final product being obtained by fractional distillation, after refluxing over metallic sodium to assure complete removal of
all butyl bromide.

The final fraction, 285 grams, had

a boiling point range 124.5 0 to 124.6 oC., with a corresponding density 0.707 15 / 4 •
-6-

Iso-Decane.

iso-Decane, 2,7-dimetbyloctane,

B.P. 160°C., d. 0.722 20 / 4 , was also prepared by

a

m.ethod similar to tbat used for hexane, using iso-amyl
alcohol as the starting point.

The alcohol was

con-

verted to iso-amyl bromide which was carefully fractionated to obtain a very pure product.

This was done to

assure complete removal of all the other amyl bromides.
The iso-amyl bromide was then treated with
sodiurn as above, to form iso-decane.

metallic

In washing and

in tbe final distillation, the treatment was also the
same.

The final fraction, 240 grams, had a boiling

point range 159.8° to 160.100., with a corresponding
density 0.721 20 / 4 •
Iso-Hexane and Iso-Octane.

The preparation

of iso-hexane, di-isopropyl, and iso-octane, di-isobutyl, was attempted but the yield with botb was so
small that there was not a sufficient amount for the
solubility determinations to be made in these solvents.

APPARATUS
The apparatus used and the method for
termining the solubilities were very simple.

de-

However,

they were very satisfactory and reduced the possibility
of error to a minimum, which was evidenced by the
markable checks obtained on duplicate samples.
-7-

re-

A DeKhotinsky Thermostat, the temperature of
yfhich could be kept constant to "within 0.1 degree,

Vias

used in obtaining equilibrium conditions in the solutions, at constant temperatures.

With the aid of ice

and fairly strong salt solution in the thermostat, temperatures down to OOC., were easily reached

and

kept

within a range of 0.1 degree.
The mechanical agitator or stirring device
(see plate I), consisted of an electric motor, driving
a 14 inch wheel beld in a horizontal position. To this
wheel was attached, several inches off center, a connecting arm, which was similarly connected to a half-inch

rod, five feet long, held in a vertical position
the thermostat.

in

To this rod were fastened the flasks

containing tbe solutions which were to reach equilibrium
conditions.
As several of the solvents were rather volatile, it was required that a method be devised

by

which a sample could be taken very quickly and at constant temperature-

The ground-glass stoppered

wash

bottle apparatus for determining solubilities," was devised by Weber and Dunlap,l in conjunction with this work.
It consists of a ground-glass stoppered wasb

bottle to which a condenser is sealed and a
lInd. & Eng. Chem. ¥ol. 19, 481 (Apr. 1927)
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Soxhlet

thimble placed over the end of_ . . tbe outlet tube in the
flask.

To secure a sample a slight pressure of air is

~pplied

at the top of the condenser, forcing the sat-

urated solution to filter through the thimble, up the
outlet tube, into a weighing bottle.

This permits a

sronple to be taken very quickly without disturbing the
equilibrium conditions in the flask. (See diagram in
the reprint of this

a)~aratus).

PROCEDURE
Ground-glass stoppered wash bottles, 500cc.
capacity, were used as containers for the solutions
of the solid paraffin in the liquids.

Approximately

200 cc. of a solvent would be placed in a flask to
which was added the solid paraffin.

Sufficient par-

affin was used to cause some of the solute to remain
ul'Jdissol ved at the equilibriur'l temperature.

Before

the flasks were placed in the agitating device in the
thermostat, tbe contents vfould be warmed to a temperature some 10 degrees above that of the thermostat. The
solutions thus warmed would dissolve all the solid paraffin.

When the flasks were placed in tbe thermostat,

the temperature of the contents would decrease, down
to the temperature of the bath.

l\his would cause

a

crystallization out of solid paraffin, excess to that
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required to-_form a saturated solution.
The length of time required for agitation in
bringing about equilibriu!..fJ in the solutions was determined
by the trial method.

It was found that two hours was

sufficient time to bring about an equilibrium between
the solute and solvent.

After equilibrium conditions

were reached in the flasks, the first sample

of

~aturated solution would be taken and the second

the
at

least an hour later.
The weighing bottles used were 50 cc. size,
fitted with well ground glass stoppers.
samples at the higher

tem~peratures,

In taking the

the weighing bottles

were previously cooled several degrees below the temperature of the therr:losta t.

This was done in order to re-

duce to a minimum, the possibility of error due to loss
of solvent by evaporation, from the time the
were taken to the time the
the bottles.

sto~pers

samples

were inserted

in

The temTJeratures of the sa:m:::.iles were 11 e1"-

mitted to reach tbat of the balance before being weighed.
After weighing, the solvent hydrocarbon would be evaporated off, at temperatures just below the boiling point
of the solvent.

The solutions were

eva~po1"ated

to con-

stant weight enabling the amount of dissolved solute
per 100 grams solvent to be calculated.
Before any

solubi~ity
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determinations

were

made on unknown samples, several different methods for
evaporati:ng off the solv-ents were tried.

It was found

that solutions of all the solvents except iso-decane
could be evaporated to constant weight under atmospheric pressure.

The solid paraffin in the solutions

of iso-decane, when thus evaporated, would undergo a
g.ecoLTposi tion, which would alter the vleight of
remaining residue.

the

This difficUlty was overcome when

these solutions were evaporated under a reduced

~ressure

of 20 nun.
A series' of five samples of knoHn solutions
with each solvent were taken to check the methods used.
A weighed amount of solid paraffin was dissolved
varying amounts of each solvent.

in

The solutions were

then evaporated to constant vreight.

Hot a single one

of these known determinations failed to check within
less than one-tenth of one per-cent of the original
weight, thereby justifying the use of these methods.
Because of variations in some of the data,
it was thought that there might be a possibility that
selective solubility was the cause for it.

Melting

point determinations were made of the residues from a
numlJer of

sarrr~)les

of solutions wi th each solvent. They

failed however, to uphold this assumption.

None of

the 15 mel ting point deterr.linatiorJs showed residues
-12-

with meltinB points Yarying greater than one degree

from the melting point of the original paraffin.

TABULATED DATA
The solubility of solid paraffin in
li~uid

the

hydrocarbons Vlas calculat.ed and recorded as

gra1'llS pe.raf'firl :..Jer 100 grams solvent hydrocarbon.

Grams Solute per 100 grams Solvent

Octane

Dece.ne

CaHIB

Cl-oH22

C6H14

Heptane
C?H16

0°

4.2

2.0

1.4

5°

5.6

3 .. 2

2.4

1.3

Temp ..

Deg.C

Pentane
C5H12

Hexane

10°

8.1

7.3

5.2

4.1

2.0

15°

11.0

9.2

7.4

6.0

3.8

20°

15.1

12.6

10.5

8.4

6 .. 9

25°

27.2

24.a

21.0

16.5

12.7
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The solubilities of solid :parE',ffin in the

liq'uid hydrocarbons was also calculated as

gr~\Yi1s

solute

'per 100 cc. solvent and as grams solute per mol solvent.
-GraYilS solute :pe1" mol solvent-

Pentane

Ter:1l; •

Hexane

Heptane

Octane

Decane

0°

-

3.6

2.0

1.6

5°

-

4.8

3.2

2.7

1.8

5.9

6.3

5.2

4.7

2.7

7.9

7.8

7.4

6.9

5.4

15° 10°

20°

-

10.9

10.8

10.5

9.6

9.9

25°

-

19.5

21.3

21.0

18.8

18.0

-Grams solute per 100 cc. solventPenta11e

Tern]) •

0°

Hexane

Heptane

Octane

Decane

2 ..8

1.4

1.0

3.7

2.2

1.7

0.95

5°

-

10°

-

5.1

4 .. 8

3.6

2.9

1.4

15°

-

6.9

6.1

5.1

4.3

2.5

20°

-

9.5

8.3

7.2

5.9

5.0

25°

-

17.1

16.4

14.3

11.7

9.2

DISCUSSICill AND

CONC~USION

These resnl ts are in accord 'ljvi tb what Sakhanov
and Vassiliev found in their investigation of the solubilities of solid paraffin in liquid hydrocarbons.
They found that the solubility of a solid

~araffin

in

liquid bydrocarbons, such as gasoline, as well as in
other solvents sucb as benzene and light oils, decreases
TIith increasing density of the solvents.

Since the

densities of liquid hydrocarbons increase with increasing molecular weigbts, it

l:lay

be said that the solubili ty

of a solid paraffin decreases as the molecular weights
of the liquid hydrocarbons increase.
This order of solu1Jility is hO'wever, not what
we might eJ::pect.

Tbe bigher r.'101ecular weight lic.1Uid

hydrocarbons resemble more closely the solid paraffin
than do those of the lower Dolecular weight in so far
as the nature of the molecules are concerned.

That is,

as the molecular weight of the solvents increase, they
approach more nearly the solid paraffin as to the nmaber
of carbon atoms contained in the chain.
According to the general relation between
the solubilities of organic compounds belonging to the
same class, we would expect to find the solubility of
a solid

~araffin

to increase with increasing molecular

weights of the solvents. This is bowever, not the case.
-16-

It is a difficult_task to advance a feasible eXl)lanation
for thi s reverse order of sol ubili ties.

A simj)le e:;.:plana-

tion is offered for this general decrease of solubility
I

and it may be briefly summarized

c),B 1'0110V/8.

The lower molecular weight solvents tend to
form combinatiorJs wi th the solid paraffilJ, somewbat in
the order of hydrates of rJany sal ts.

These combine,tiona

of solvent and solute are the more soluble in tbe solvent.
As the molecular weight of the solvent increases, this
tendency to form secondary combinations, if this term
may be used, decreases.

Tbis causes a corresponding de-

crease in the solubili ty wi tL increased molecular v/eight
of the solvent.
This decreasing tendency of forming secondary
~olecu-

combination will perhaps reach a miniDum when the
lar weight of the solvent increases to a certain
content in the solvent.

c~rbon

111.lrther increase in the carbon

content of the solvent hydrocarbon will cause the solubility to start increasing due to the fact tbat the solvent bydrocarbons are approaching the same m.olecular
arrangement as the solute itself, i.e., they themselves
are a1)I.ll"'oaching solid or crystalline structure at ordinary temperatures.
Conclusion.

In bringing the discussion

of

this investigation to a close it may be s2id that certain
-17-

variations in the data, caused by varying conditions
under whicb equiliori lUll c ondi tiona were a;)proacbed)
leads the author to believe that there are

other

phases to be taken into consideration itIhen solubility
determj.na tions of thi s nature are carTi ed out.

The quantity of excess solid solute in

different determinstions seemed to indicete that this
solid phase may have some influence on the quantity
left in the solvent.

solved

~araffin

Checks on the quantity of dis-

were within one-tentb of one uercent.

-.rrben the different samples were

hours

8.~)art.

tG~ken

one or Dare

But when a second deterr:lin&.tion

Y.2ade at the sarne

tem~J8rature,

'Hi th

was

a different quanti ty

of excess solid paraffin, checks could be obtained,
but the latter determinations would not check the first
set very closely.
Lack of sufficient data prevents a furtber
discussion at this

ti~e.

It may be added however,

that this work is to be continued in an effort to definitely explain this relatiorJshil).
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